Background: There is no gainsaying the fact that demand for proteins has continuously outweighed supply in Nigeria. This is largely due to the rising population on one part and the low level of technology to cope with changing production practices specifically in the fishery sub-sector and agricultural production in general on the other part. The resultant effect of this is the widening demand and supply gap which often culminate in farmers devising different technologies or approaches to mediate the shortfall. This study therefore examined comparative analysis of technical efficiency among catfish producers using different construction designs in Lagos State, Nigeria. A sample consisting of 43 earthen catfish producers, 33 cage culture and 37 plastics tank was selected from three agricultural zones in the state. Data collected were analysed using descriptive statistics, budgetary and profitability analysis, regression analysis and Data Envelopment Analysis approach.
Introduction
In Nigeria, there is wide gap between food production and population growth, hence the rising wave of food insecurity. While food production increases at the rate of 2.5%, food demand increases at a rate of more than 3.5% due to high rate of population growth of 2.83% [8, 16] . The apparent disparity between the rate of food production and demand for food in Nigeria has led to rising food importation and soaring food prices. The demand and supply gap for animal protein intake is very high. The FAO [17] recommends that the minimum intake of protein by an average person should be 65 g per day; of this, 36 g (i.e. 40%) should come from animal sources. Nigeria is presently unable to meet this requirement. The animal protein consumption in Nigeria is less than 8 g per person per day, which is a far cry from the FAO minimum recommendation [17, 25] . As a result of the above, widespread hunger and malnutrition are evident in the country. Animal scientists, economists and policy makers are of the opinion that the development of the livestock industry and most especially the fishery sub-sector is the only option for bridging the generally known protein deficiency gap in Nigerian's diets [23, 31] .
Fish farming, also known as aquaculture, involves the planned growth and cultivation of fish harvesting as food, as opposed to catching fish in the wild. It provides lucrative returns to the farmers, employment in rural areas, besides supplying good quality protein diet for the people [27] . The contribution of the fisheries sub-sector to the Gross Domestic Product (GDP) figure which was 1.1% in 1995 increased to 3.2% in 2007, and it is expected to reach 5% in 2020 [12] . In addition to fish protein which is ranked the cheapest among animal protein sources, fish provides high-quality calories, fats and vitamins [29] . Furthermore, fish culture generates income for all categories of people involved in it as well as providing foreign exchange for the nation.
Among the culturable species of food fish in Nigeria are carp, tilapia, catfish, etc. Meanwhile, catfish is the most sought after. It is very popular among fish farmers and commands very good commercial value in the markets. Consequently, the catfish is vital to the sustainability of the aquaculture industry in the country having in possession the following good qualities identified by Osawe [28] as they survive in different culture systems and diverse environments, grow very fast and have high fecundity, improved survival of the fry and adaptation to supplemental feed. These qualities have placed catfish farming in good position to serve as the only way of boosting fish production and thereby move the country towards self-sufficiency in fish supply. To achieve economic optimum output and thus profitability, resources have to be optimally and efficiently utilized. The efficiency of input utilization in any agricultural enterprise enhances the profitability of such enterprise. The ability of catfish producers to adopt new technology and achieve sustainable production depends on their level of technical efficiency. According to Jarzebowski [18] , efficiency studies help countries to determine the extent to which they can raise productivity by improving efficiency with the existing resource base and available technology. While a number of studies on efficiency have used the Stochastic Frontier Approach (SFA) that is hinged on the production function (parametric), it is also common in the literature to use the Data Envelopment Analysis (DEA), a deterministic tool of which the analytical basis is an optimization problem [21] . While the former (SFA) could suffer from functional form misspecification, the latter (DEA) is free from misspecification of functional form.
As observed by [3, 24] , many African farmers are still using low-yielding agricultural technologies, which lead to low productivity. Also, it is always argued that the relevant question for agricultural policy makers is whether the agricultural sector can be made more efficient, by achieving more output with the current input level, or achieving the current output with less input use than is currently observed. An important step in answering this question is to identify the behaviour of productivity and its components. The concept of efficiency is at the core of economic theory. The theory of production economics is concerned with optimization and this implies efficiency. The crucial role of efficiency in increasing agricultural output has been widely recognized by researchers and policy makers alike. It is no surprise; therefore, that considerable effort has been devoted to the analysis of farm level efficiency in developing countries.
An underlying premise behind much of this work is that if farmers are not making efficient use of the existing technology, their efforts designed to improve efficiency would be more cost-effective than introducing new technologies as a means of increasing agricultural outputs [6, 7, 26] .
Generally, fish farming as an industry is faced with some problems which include inadequate supply of fishing inputs (fingerlings and feed), rising cost of trawling operation, insufficient production of fingerlings of cultivable fish species, lack of sufficient least cost-effective feed for fish culture among others. Despite the present fish demand of about 2.66 million metric tonnes and estimated domestic production of about 800,000 metric tonnes in Nigeria, there is still a shortfall of 1.2 million metric tonnes in domestic fish production [2, 15] . This inability of the fish farming industry to expand fast enough in the supply of the required quantities of fish being demanded for has been linked to low or inadequate intake of protein among the Nigeria households [1, 17] .
While estimated fish demand showed a steady increase occasioned by increase in population, there is a drastic reduction in the level of animal protein supply and consumption of protein in Nigeria. The better performance in quality and quantity of fish nutrient is responsible for its increase in demand and investment in fishery in Nigeria. However, the higher demand has not been met by the supply of the product because most ground fish pond could not operate due to some technical inefficiency that exists among the fish farmers in the state.
In view of the foregoing, it is therefore important to examine technical efficiency among catfish producers using different construction designs in Lagos state, Nigeria and suggest better ways of enhancing productivity in order to enhance more catfish availability for consumption among the rapidly increasing Nigerian populace. The study tried to address the following research questions:
• What are the socioeconomic characteristics of catfish producers in the Lagos State, Nigeria? • What are the profitability levels of catfish farmers employing different construction designs in the study area? • Are there differences in the technical efficiency of catfish producers using different construction designs?
The general aim of this study was to examine and compare technical efficiency of catfish farmers using different construction designs in Lagos State, Nigeria. The specific objectives of the study were to profile socioeconomic characteristics of catfish producers in Lagos State, ascertain the profitability levels of catfish farmers using different construction designs and examine the differences in technical efficiency of catfish farmers using different construction designs in the study area.
Improving the fishery sub-sector through intensive catfish production is a good step in the right direction in terms of conservation of foreign exchange earnings in the country. When this happens, the foreign exchange earning that would have been used for fish importation would be conserved for other uses in the economic development of the nation.
Theoretical and conceptual framework
Following Lovell [22] , the productivity of a production unit can be measured by the ratio of its output to its input. However, productivity changes due to differences in production technology, differences in the efficiency of the production process and differences in the environment in which production takes place. The main interest here is in isolating the efficiency component in order to measure its contribution to productivity. In microeconomics, production theory of firm's input and output combinations is depicted using a production function. Using such a function, one can show the maximum output which can be achieved with any possible combination of inputs, that is, one can construct a production technology frontier [30] .
Production is a process, and as such it occurs through time and through space. Because it is a flow concept, production is measured as a "rate of output per period of time. " There are three aspects to production processes:
• the quantity of commodity produced, • the form of good produced, • the temporal and spatial distribution of the commodity produced.
A production process can be defined as any activity that increases the similarity between the pattern of demand for goods, and the quantity, form and distribution of these goods available to the market place.
In the short run, the output can be increased for a production function by increasing the amount of the variable factor, usually taken to be labour. Thus, the responsive change in the output due to a change in the variable input keeping all other things constant is called Return to a factor. In the long run, output of goods can be increased by increasing all the factors (i.e. both labour and capital). In the long run, all factors are variable, and thus, the responsive change in the output due to proportional change in the size or scale of inputs or factors of production is called Returns to Scale [10, 11, 20] . Increasing Returns to Scale occurs when the % change in output is > % change in input. Decreasing Returns to Scale occurs when the % change in output is < % change in input and Constant Returns to Scale occurs when the % change in output = % change in input.
Different concepts of efficiency
In the immediate post-war years, there was a general interest in growth, efficiency and productivity. The concept of production efficiency in the use of farm resources is concerned with the relative performance of the processes used in transforming a given set of inputs into largest possible quantity of outputs. Economic theory identifies at least three types of efficiency: technical, allocative and economic efficiencies. Farrell [14] introduced a method to decompose the economic (cost/overall) efficiency of a production unit into its technical and allocative components. The first theories and papers appeared in 1957, with the Solow (macroeconomic approach) and Farrell (microeconomic approach) studies. In particular, Farrell [14] (following the work [19] ) involves new insights into two important issues: How to define efficiency and productivity and how to calculate the benchmark technology and efficiency measures?
Farrell [14] by drawing inspiration from [4, 5, 19 ] divided farm efficiency into three groups, namely technical, allocative (or price) and economic (or overall). Farrell defined technical efficiency (TE) as the firm's ability to produce maximum output given a set of inputs and technology. Stated differently, technical inefficiency reflects the failure of attaining the highest possible level of output given inputs and technology. He conceptualized allocative efficiency (AE) as the measures of the firm's success in choosing the optimal input proportions, given their respective prices and available technology, i.e. where the ratio of marginal products for each pair of inputs is equal to the ratio of their market prices, while he described economic efficiency (EE) as a measure of overall efficiency of a firm and is equal to the product of technical efficiency (TE) and allocative efficiency (AE)
As proposed by Farrell, the two primary scalar measures of efficiency for the input-oriented problem are as follows:
1. Technical efficiency (TE) which is measured as the ratio between the observed output and the maximum output, under the assumption of fixed input, or, alternatively, as the ratio between the observed input and the minimum input under the assumption of fixed output, i.e. it is just the proportional reduction in inputs possible for a given level of output in order to obtain the efficient input use. 2. Allocative or price efficiency (AE) refers to the ability to combine inputs and outputs in optimal proportions in the light of prevailing prices and is measured in terms of behavioural goal of the production unit like, for example, observed optimum cost or observed optimum profit, i.e. it reflects the ability of the firm to use the inputs in optimal proportions, given their respective prices.
Efficiency is measured by the ratio of output to inputs. Efficiency in a given time period is measured relative to all other time periods with the simple restriction that production of each output in each time period lies on or below the efficient frontier. The efficiency score in the presence of multiple input and output factors is defined by Fare et al. [13] as:
Efficiency as defined by the pioneering work of Farrell [14] is the ability to produce at a given level of output at
Weighted sum of outputs Weighted sum of inputs the lowest cost. All agencies use a range of inputs, including labour, capital, land, fuel and materials, to produce services. If an agency is not using its inputs in a technically efficient manner, it is possible to increase the quantities of outputs without increasing inputs, or to reduce the inputs being used to produce given quantities of outputs. In Farrell's approach, the measurement of economic efficiency is linked to the use of a frontier production function, in opposition to the notion of average performance underlying most of the econometric literature on the production function up to the time of Farrell contribution. Farrell's efficiency measures are completely data based, so no specific functional form needs to be predefined.
Research methodology

Study area
The LGAs were selected based on the predominance of fishing activities in these areas. The second stage involved the use of a random sampling technique to select fishing communities from each of the selected agricultural zone. The third stage was the random selection of registered fish farmers in each of the selected fishing communities. About 130 questionnaires were administered, but only 113 were correctly completed by the respondents (farmers), and these were the ones used in the analysis. Data collected include information on socioeconomic characteristics such as sex age, primary occupation, years of educational level, household size. Data were also collected on farm inputs and outputsfingerlings, feeds, family labour and hired labour, stocking capacity, as well as prices of the inputs and outputs. The questionnaires were administered to catfish farmers using different construction designs, number of operational cycles, mode of selling and market price of catfish.
Analytical techniques
Analytical methods employed include descriptive statistics, profitability analysis, DEA and linear regression model. Descriptive statistics such as averages, percentages, tables were used to analyse information on socioeconomic variables. To determine profitability of catfish production, the gross margin was carried out. Gross margin is the difference between total revenue and total variable cost. The assumption is that the higher the gross margin, the higher the profit made by the farmers.
The mathematical notation for the analysis is presented below:
where GM = Gross Margin, TR = Total Revenue, P = Price of catfish per kg, Q = Output of construction designs producing catfish, XM = Market price of variable input.
The net revenue was also calculated using the formula below:
Data envelopment analysis (DEA)
Data Envelopment Analysis (DEA) is an alternative nonparametric method for measuring efficiency that uses mathematical programming rather than regression. This efficiency measure corresponds to the coefficient of resource utilization defined by Charnes et al. [9] . Charnes et al. [9] introduced the method of Data Envelopment Analysis (DEA) to address the problem of efficiency measurement for decision-making units (DMUs) with multiple inputs and multiple outputs in the absence of market prices. To analyse the technical efficiency of the four different construction designs for catfish farmers in the study area, Data Envelopment Analysis (DEA) will be used. The key construct of a DEA model is the envelopment surface and the efficient projection path to the envelopment surface [9] . The envelopment surface will differ depending on the scale assumptions that underline the model. The efficiency projection path to the envelopment/surface will differ depending on if the model is output-oriented or input-oriented. The choice of model depends upon optimization production process characterizing the firm. Input-oriented DEA determines how much the mix for a firm would have to change to achieve the output level that coincides with the best practice frontier. Output-oriented DEA is used to determine a firm's potential output given its inputs mix if operated as efficiently as firms along the best practice frontier. For this study input-oriented DEA will be used to determine how much input mix the farmers would have to change to achieve the output level that coincides with the best practice frontier. DEA is a relative measure of efficiency where the general problem is given as:
Subject to:
Where, TE is technical efficiency, x ij and y rj , respectively, are quantities of the ith input and rth output of the jth farms. Inputs = Stocking density, labour, feed. Output = Table size fish of catfish Farms = 1…….n · i and · j are input and output weights, respectively. The variables of Data Envelopment model are further elucidated upon below
Farm size: The output of a fish farm is partly dependent on the stocking density of the construction designs.
Labour: Family and hired labours play an important role in agricultural production especially in developing economies where capital is less significant.
Feed: This is the compounded feedstuff given to fish either imported or local feed. It is one of the major determinants of productivity in catfish production. It is measured in 15-kg bag.
Regression analysis: Farmers' specific characteristics were modelled as determinants of efficiency to understand how these characteristics influence the level of efficiency of the fish farmers. Table 1 indicates the profitability of catfish production under different construction designs. As shown in Table 1 , the profitability of the different construction designs are ₦19, 713,750 (earthen pond), ₦10, 160, 050 (plastic tank) and ₦24, 717, 180 (cage culture). The net revenue are ₦15, 923, 550, ₦3, 739, 550, and ₦2, 067, 680, respectively. And the undiscounted benefit/cost ratios (BCR) are 2.11, 1.32 and 1.06, respectively. This shows that the most profitable of the three construction designs is the earthen pond. For example, using the BCR estimate, it means that for every one Naira invested, the investor will get two Naira. Table 2 shows the frequency distribution of construction designs in terms of Variable Returns to Scale (VRS) and Constant Returns to Scale (CRS). Technical efficiency under the Variable Returns to Scale (VRS) under normal circumstance in cage culture shows that 66.67% of it is fully efficient and in plastic tank it is fully efficient at 64.86% and in earthen ponds it is fully efficient at 62.93%. The average overall technical efficiency in earthen ponds is 0.93, in cage culture is 0.93 and in plastic tank is 0.96.
Results and discussion
Profitability and budgetary analysis of different construction designs
Overall efficiency estimates of construction designs in terms of Variable Returns to Scale (VRS) and Constant Returns to Scale (CRS)
Table 1 Profitability and budgetary analysis of different construction designs
Source: Computed from survey data
Construction design (CD)
Gross margin (TR-TVC)
Net revenue analysis (TR-TC) Benefit/cost ratio (TR/TC) Earthen N30305000 − N10591250 = N19713750 N30305000 − N14381450 = N15923550 30,305,000/14,381,450 = 2.11
Cage culture N36600000 − N11882820 = N24717180 N36600000 − N34532320 = N2067680 36,600,000/34,532,320 = 1.06
Plastic tank N15440000 − N5279950 = N10160050 N15440000 − N11700450 = N3739550 15,440,000/11,700,450 = 1.32 Under the Constant Returns to Scale (CRS) under normal circumstance, the cage culture is fully efficient at 3.03%. In the earthen pond, it is fully efficient at 2.33%, while none of the ponds is fully efficient in plastic tank. The average overall technical efficiency in terms of CRS in earthen ponds is 0.73; in cage culture, it is 0.79 and in plastic tank, it is 0.69. Substantial inefficiency occurred in the construction designs by catfish producers, and this implies that some of the catfish producers were not operating at an efficient scale and improvement in the overall efficiencies could be achieved if the farmers adjusted their scale of operations.
Overall efficiency estimates of construction designs in terms of scale efficiency (SE) Table 3 shows the frequency distribution of construction designs in terms of scale efficiency (SE). Due to variation in CRS and VRS, scale efficiency (SE), under normal circumstance in earthen ponds is fully efficient at 2.33%, in cage culture it is at 3.03%, and none of the ponds in plastic tank is technically efficient. The construction design that is fully efficient is cage culture because it has the highest percentage in terms of scale efficiency (SE). The average overall technical efficiency in terms of SE in earthen ponds is 0.80; in cage culture, it is 0.86 and in plastic tank, it is 0.93. Substantial inefficiency occurred in the construction designs by catfish producers, and this implies that some of the catfish producers were not operating at an efficient scale and improvement in the overall efficiencies could be achieved if the farmers adjusted their scale of operations.
Determinants of CRS technical efficiency under earthen pond, cage culture and plastic tank construction designs Table 4 shows regression estimate for earthen ponds, cage culture and plastic tank under CRS specification.
Under CRS, two variables had significant effects on technical efficiency of earthen ponds. These are sex which had a coefficient of − 0.816278 and a t value of − 2.10 and significant at 5%; this implies that an increase in the number of female catfish producers by 5% will likely lead to a decrease in technical by -.081628 and an increase in male catfish producers by 8. Men have the likelihood of increasing technical efficiency in catfish production. Age had a coefficient of 0.006071 and a t value of 1.82 and significant at 10%, and this implies that an increase in age of catfish farmers has the likelihood of increasing technical efficiency. This could be because of the increase in experience as age increases. For the cage culture under CRS specification, two variables had significant effects on the technical efficiency of the cage culture. These are level of education and primary occupation. While the coefficient of level of education is positive implying that the higher the educational level, the higher the likelihood of technical efficiency increasing, the coefficient of primary occupation is also positive negative.
However, for the plastic tank under CRS specification, two variables had significant effects on technical efficiency of this construction design. These are age which had a coefficient of 0.021552 and a t value of 2.04 and significant at 5%, implying that an increase in age of catfish producers using plastic tank has the likelihood of increasing technical efficiency by 0.012552 as depicted by the marginal effect. This shows that experience of the farmers increases with age. Religion had a coefficient of 0.2443532 and a t value of 1.99 and significant at 10%. 
